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The terms chemical and molecular similarity are often used
synonymously but this may not be entirely accurate.

Chemical similarity is based primarily on the physicochemical
characteristics of compounds (e.g., solubility, boiling point, log P,
molecular weight, electron densities, dipole moments, etc.)

Molecular similarity focuses primarily on the structural features
(e.g., shared substructures, ring systems, topologies, etc.) of
compounds and their representation.
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The notion of chemical similarity (or molecular similarity) is one of
the most important concepts in chemoinformatics.

It plays an important role in predicting the properties of chemical
compounds, designing chemicals with a predefined set of
properties and, especially, in conducting drug design studies by
screening large databases containing structures of available (or
potentially available) chemicals.

There are many ways to measure the similarity
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The rationale for similarity searching lies in the similar property
principle [Johnson and Maggiora 1990] which states that
structurally similar molecules tend to have similar properties.

Given a molecule of known biological activity, compounds that are
structurally similar to it are likely to exhibit the same activity. This
characteristic has been referred to as neighbourhood behaviour
[Patterson et al. 1996].
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Compounds active at opioid receptors




Compounds such as the ibuprofen enantiomers,
ibuprofen and paracetamol, or diclofenac and
lumiracoxib, appear visibly similar.

From a medicinal chemistry point of view, however,
this assessment may not be generally agreed upon
since small chemical differences can lead to
important changes in specificity profiles (e.g.,
diclofenac vs lumiracoxib) or compounds containing
different functional groups can be synthesized or
derivatized in different ways (e.g., ibuprofen vs
paracetamol).

Moreover, these COX inhibitors are involved in
highly complex similarity—activity relationships
(similar mechanism of action) that also cannot
easily be separated from a medicinal chemistry
perspective.

(R)-(-)-Ibuprofen (S)-(+)-Ibuprofen (S)-(+)-Naproxen

Bioavailability 49 -73% Bioavailability 95%
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COX-1 COX-2 HSL COX-1 COX-2 HSL cox-1 | cox-2 HSL
no no no yes yes no yes yes yes
Paracetamol Diclofenac Lumiracoxib
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Bioavailability ~100% Bioavailability >99% Bioavailability ~74%

COX-1 COX-2 HSL COX-1 COX-2 HSL COX-1 COX-2

no yes no yes yes no no yes

Cyclooxygenase (COX) inhibitors and their activity profiles are compared.
HSL = Hormone-Sensitive Lipase
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Similarity versus activity. Three vascular endothelial growth factor receptor 2
ligands are shown that represent different (vertical vs horizontal) similarity—activity
(potency) relationships.

There are many exceptions to the
principle but it is an excellent rule-
of-thumb in the absence of more
detailed knowledge

People’s judgements of similarity
are inherently subjective, so need
to provide a guantitative basis, a
similarity measure, for assessing
the degree of resemblance
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The main difficulty with similarity searching is that assessing the degree of
similarity between two objects is subjective.

In order to be able to quantify the similarity between two molecules, a
similarity searching method requires two components:

® a set of numerical descriptors that can be used to compare molecules;

® a similarity coefficient which provides a way of quantifying the degree
of similarity based on the descriptors.
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Numerical values assigned to structures:
® 1D properties: MW, logP, PSA etc
® 2D properties: fingerprints, topological indices

e Maximum Common Substructures

e 3D properties: molecular fields, shape




0D:

1D:

2D:

3D:

4D:

bond counts, molecular weight, atom counts
fragment counts, H-Bond acc/don, Crippen, PSA, SMARTS

topological descriptors (Balaban, Randic, Wiener, BCUT, kappa, chi)
geometrical descriptors, surface properties, COMFA

3D coordinates + conformations
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* Lots of types of fingerprints

+ “Keyed” fingerprints indicate the presence or
absence of a structural feature

* Length can vary from 166 to 4096 bits or more

* Fingerprints usually compared using the
Tanimoto metric
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Name Formula for continuous variables ~ Formula for binary
(dichotomous) variables
Tanimoto Sap = - Sap = m
(Jaccard) i=1 YiAYiB Range: 0 to 1
coefficient) S ) 2 ) =X xiavis €
Range: —0.333 to +1
. . 23N xiaxip 2
g Range: —1to +1 Range: Oto 1
Cosine similarity ~ Sap = D > NE TE T Sap=-—-+—~
C. o S ; y AB = [ZN—I @IV, (’“5)2}1/2 AB = b
(Carbd index) = = Range: O to 1
Range: —1 to +1
) N 2
Euclidean Dag =[Zi:1(xm—x,-g) ] Dag =~a+b—2c
distance Range: 0 to 0o Range: Oto ¥
Hamming DAB=Z§V=1 |xia — xigl Dig=a+b—-2c
(Manhattan Range: 0 to oo Range: Oto N
or City-block)
distance

Soergel distance

N
izt xia—xig|
SN e
2oy max(xia.xig)

Range: 0to 1

Dup =

_ atb—2c
Dag = a+b—c

Range: Oto 1

Similarity (S) or distance (D) coefficients in
common use for similarity searching in chemical
databases.

For binary data:
o ais defined as the number of bits set to “1”
in molecule A
o0 b as the number of bits set to “1” in
molecule B
O c as the number of bits that are “1” in both
A and B.

[Willett et al. 1998.]




Symbol

onlyA|

onlyB)

both A Bl

neither AB|

4]l

B

Description

number of bits set

number of bits set

number of bits set

number of bits set

number of bits set

number of bits set

“on" in fingerprint A but notin B

‘on" in fingerprint B but notin A

“on” in both fingerprints

‘off" in both fingerprints

‘on" in fingerprint A

‘on" in fingerprint B

Al1lo]a]1[1]o]o]0]
B[1]1Jo]1]2Jo]1]0]
Al1lo]1]2[21]o]o]0]
B[1]1]o]1]2Jo]2]0]
Al1]Jo]1]2]a]oJo]o]
B[1]1JoJa]aJo]1]0]
Al1lo]1]1[2]o]o]o

B[1]1]o]1]aJo]1]0]




Formula:

: _ ] bothAB-+neither AB '
51 F??.E,“.ll“;[z-l. B] — \' onlyA+onlyB+both A B+neithe .",”f‘
Range: p=A
q=18B
0.0 — 1.0] d(p,q) = d(q,p) = \/{:‘h —p1)’ + (@2 —p2)* + + (g —Pn)’

Example: _ - (¢ — pi)2.

Al[1]of1]1]1]o]o]o] both AB L neither AB _ [ 3 _ i _om
B[1]1]Jo]a]1]o]1]o] \ onlydioniyBibothABineitherAB — Y 1424341 — V3 -




Formula:

. . ondyA-+onlyE
StMasanhattan (‘4’ B] " onlyA-+onlyB+both AB+neither AB

Range:

1.0 — 0.0]

Example:

Al1jof1f1|1fofo]o] onlyA+onlyB

1
Bl1{1]o]1]1]o]1]0] onlyA+onlyB+both AB+neitherAB — 1424




Formula:

o ; both AB
bffnt'u.wm(A,-B) = : — -
v (onlyA+both AB)+(onlyB-+both AB)

Range:
A-B
similarity = cos(#) = =
[0.0 — 1.0] IA[lIBIl
Example:
AliJoJaTaT1To]oTo] bothAB = 3 = -3 — 067
g[1[1]0o]1]1]0[1]0] \/(onlyA+both AB)s(onlyB+bothAB)  |[(143)s(243) VDO

Calculates the ratio of the bits in common to the geometric mean of the number of “on” bits in the two fingerprints.
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Formula:
; . o both AB o bothAB

SiMzanimoto(A, B) = A[+|B[—bathAB ~— ‘onlyA+onlyB+bothAB

Range:
ANB ANB
JAm - ANBl___1anB

0.0 — 1.0] |AUB| |A|+|B|-|AN B
Example:

Al1]o]1[1]1]o]o]0] bothAB

_ 3
onlyd+onlyBibothAB — 14243

B{1]1fof1]1f0]1]0]




Formula: |X NnYl

S(X,Y) =
bothAB | IXNY|+alX-Y|+8)Y — X|

aronlyA-+BronlyB+bothAB|

Sl‘l”'lw, ,v,;\..,/(:'{, B) E

The Tversky similarity measure is asymmetric. Setting the parameters @ = 3 = l.0|is identical to using the Tanimoto
measure.

The factor aiweights the contribution of the first ‘reference’ molecule. The larger cibecomes, the more weight is put on the bit

setting of the reference molecule.
Setting a = B =1 produces the Tanimoto coefficient.

Range: Setting a = B = 0.5 produces Dice's coefficient.
variable If we consider A to be the prototype and B to be the variant, then a
corresponds to the weight of the prototype and B corresponds to the
Exampie: weight of the variant.
gggg 1,.,,,‘-1;,‘,1,/‘v.’A",.-}fu»w;.m (@=20,8=10)=srnmm =4 = 043*
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N Molecular recognition depends on the 3D structure
. and properties (e.g. electrostatics and shape) of a
O “ molecule rather than the underlying
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However, concerns exist that morphine may increase mortality in the
event of non ST elevation myocardial infarction. *? Morphine has also
traditionally been used in the treatment of acute pulmonary edema.’?']

Dashboard (EPA)
ECHA InfoCard

100.000.291F #

Chemical and physical data

A 2006 review, though, found little evidence to support this practice ¥ | Formula Cy7H1gNO3
A 2016 Cochrane review concluded that morphine is effective in Molar mass 285.34 g/mol g-mol™
relieving cancer pain. Side-effects of nausea and constipation are 3D model Interactive image &
rarely severe enough to warrant stopping treatment. 24! (Smol)

Solubility in HCI & sulf.: 60 mg/mL

water [ZD EC)
Shortness of breath [=dit]

By wies [hide]
IMorphine is beneficial in reducing the symptom of shortness of breath CN1CCIC@]23C4=CSC=CC{0=CA0[C@RH2ICRE
1257128] 0)C=CIC@HII! 1c5
due to both cancer and noncancer causes. P12 In the setting of et — o
breathlessness at rest or on minimal exertion from conditions such as p—— .
(verify)

advanced cancer or end-stage cardiorespiratory diseases, regular, low-
dose sustained-release morphine significantly reduces breathlessness safely, with its benefits maintained over

time. 271221

Opioid use disorder [edit]

Morphine is also available as a slow-release formulation for opiate substitution therapy (OST) in Austria, Bulgaria,
and Slovenia, for addicts who cannot tolerate either methadone or buprenorphine
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Dashboard (EPA)

ECHA InfoCard
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The duration of methadone treatment programs range from a few months to several

years. Given opioid dependence is characteristically a chronic relapsing/remitting
disorder, MMT may be lifelong. The length of time a person remains in treatment

100.000.907 & #

Chemical and physical data

depends on & number of factors. While starting doses may be adjusted based on the | Formula CagHarNO

amount of opicids reportedly used, most clinical guidelines suggest doses start low Molar mass 309 445 gimol g-mol™!

{e.g. at doses not exceeding 40 mg daily) and are incremented gradually [1%120] 30 model Interactive image &
{JSmol)

Methadone maintenance has been shown 1o feduce the transmission of blood bOMe | cpicaity R

viruses associated with opioid injection, such as hepatitis B and C. andfor HIv' The &, MLES thide]

principal goals of methadone maintenance are to relieve opieid cravings, suppress the CCC(C{C1=CC=CC=C1)(C2=CC=CC=C2Z)CC(N(C)
)C)=0

abstinence syndrome. and block the euphoric effects associated with opioids. T :
n

X4 (what is this?) (verify)

Chronic methadone dosing will eventually lead to neuroadaptation, characterised by a
syndrome of tolerance and withdrawal (dependence). However, when used correctly in
treatment, maintenance therapy has been found to be medically safe, non-sedating, and can provide a slow recavery from opioid
addiction |'®] Methadone has been widely used for pregnant women addicted to opioids ¥

Opioid detoxification [edit]
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